A retrospective morphologic study was conducted on tissues from weanling laboratory rabbits with diarrheal disease of unknown cause. The consistent lesion was in the cecum and consisted of exaggerated degeneration and loss and replacement of surface absorptive cells. This was accompanied by hyperplasia of crypt epithelial cells and acute diffuse inflammation of the lamina propria and submucosa. Numerous bacteria, identified morphologically as vibrio sp., were in surface epithelial cells in the cecum of affected rabbits. This was demonstrated in 10 of 12 affected rabbits via light microscopic examination of Levaditi-stained histologic sections. The occurrence, intraepithelial location, and identification of the vibrio, as well as the associated cytopathology, was confirmed in four of the six ceca from affected rabbits examined by electron microscopy. Lesions were not seen in cecal mucosa of six healthy weanlings from the colony. Vibrio was seen in the intestinal and cecal lumina of one control by both Levaditi and electron microscopic methods; none had invaded the mucosa, however. The possibilities that vibrio had either a primary or secondary causal association with acute typhlitis and that the disease had a pathogenesis similar to that of primate shigellosis are discussed.
For several years there has been persistent morbidity (<lo%) and mortality (<5 "/o) caused by fulminating diarrheal disease among weanling rabbits in the New Zealand White colony at the National Animal Disease Center, Ames, Iowa. An outbreak of Tyzzer's disease occurred in the colony and resulted in a sharp increase in morbidity and mortality during one summer. The typical enteric, hepatic and cardiac lesions of Tyzzer's disease as well as associated Bacilluspiliforrnis were readily demonstrated during the outbreak of Tyzzer's disease [4] . As this outbreak abated, morbidity and mortality dropped back to their former low-level, nonseasonal pattern. It was initially assumed that the diarrheal disease that persisted in the colony was atypical Tyzzer's disease, perhaps occurring in a partially immune population and thus explaining the low morbidity and mortality as well as the absence of hepatic and cardiac lesions. An attempt to precipitate characteristic signs and lesions of Tyzzer's disease in 28 weanlings from the colony by giving them each 20 mg prednisolone intramuscularly (approximately 10 mg/kg body weight) was unsuccessful. This, combined with continued failure to demonstrate B. piliformis, and typical lesions of Tyzzer's disease in affected rabbits led to the suspicion that some other disease(s) was responsible.
The possibilities of hepatic or intestinal coccidiosis, salmonellosis, or aerobic bacterial septicemia were investigated by suitable methods applied to numerous affected rabbits during a 5-year period. None of these diagnoses could be substantiated as a consistent major contributor. During this 5-year period, numerous fecal samples from affected weanlings and from breeders were examined for coccidia oocysts by direct smear and flotation methods, and all were negative. At one point, it was thought that enterotoxigenic Escherichia coli or Clostridium perfringens might be responsible, so the numbers of E. coli and C. perfringens in jejunal and cecal content of several weanlings were determined. Both bacteria at both sites consistently were less than 103/g wet weight and did not exceed those in similar samples taken from healthy rabbits from the colony at the same time.
Four years after the initial recognized Tyzzer's disease outbreak, another sharp summer increase in morbidity and mortality occurred among weanlings. Intestinal and hepatic lesions typical of Tyzzer's disease, as well as associated B. pilifoumis, were again demonstrated in the affected rabbits. This observation enhanced our suspicion that Tyzzer's disease was latent in the colony and that our persistent low level diarrheal disease was chiefly the manifestation of an atypical form of Tyzzer's disease. It was decided to systematically and retrospectively review the pathology in affected and normal litter-or penmate rabbits that had been necropsied during the 1-year prior to the second recognized outbreak of Tyzzer's disease and to examine ultrastructurally samples of cecum that had been suitably fixed in glutaraldehyde. The purpose of this review was to demonstrate B. piliformis in the cecal lesions of rabbits representative of those with the persistent, low-level, diarrheal disease. B. piliformis was not detected, however, and a definitive cause was not established. Vibrio were observed in cecal epithelium from several rabbits.
Materials and Methods
Management of this colony of about 50 breeders plus 150 young stock has been described previously [4] . The review encompassed 27 affected rabbits. All were 8-10 weeks old and had been weaned 1-4 weeks when affected. Seventeen were submitted dead. These either appeared normal at the evening feeding and were found dead the next morning or were noticed to have a slight diarrhea in the evening and were found dead the next morning. The remaining ten were submitted alive, and all had had diarrhea for less than 24 h. Mature breeding animals and sucklings were unaffected. Tissues from seven healthy litteror penmates, which had been submitted for necropsy along with affected rabbits, were also examined.
Live rabbits were killed with intravenous sodium pentobarbital and necropsied immediately. Parts of heart, liver, duodenum, jejunum, ileum, cecum, and colon were fixed in 10% formalin, or 2.5% glutaraldehyde in sodium cacodylate buffer, embedded in paraffin, cut in sections 7 pm thick, and stained with hematoxylin and eosin (HE) for light microscopy. Some tissues were also prepared for histologic examination by the Levaditi silver method. Parts of cecum from some were fixed in 2.5% glutaraldehyde in sodium cacodylate buffer and embedded in epon. Ultrathin and 1-pm thick sections were prepared from these and examined by electron and light microscopy. Tissues from some rabbits submitted dead were examined by light microscopy; none were examined electron microscopically.
Gross Lesions
The perineal area of all affected rabbits was pasted with brown-green, watery feces mixed with plant fiber and mucus. Similar material, mixed with gas and some mucus, distended the ceca and in some cases the colon. Thirteen of the 27 affected rabbits had petechial or paint-brush hemorrhages on the cecal serosa. Two had edema of the cecal wall, and one had an ulcer (1 cm) in the fundus of the stomach. Lesions of nonalimentary organs were as followes: petechial and ecchymotic hemorrhages on the thymus (7 rabbits), pulmonary congestion (3), pulmonary petechiae (l), splenic petechiae (l), and dehydration so that the tissues had a tacky feeling in several. Serum osmolalities of six affected rabbits averaged 386 mOsm/kg (range, 29 1-628 mOsm/kg), compared to 308 mOsm/kg (range, 283-353 mOsm/kg) for six healthy controls.
Histopathology Afected Rabbits
Heart and liver from 25 affected rabbits were examined histologically. The heart was normal in 25 and the liver in 23. Two had a diffuse cholangitis with centroacinar edema and accumulations of lymphocytes, polymorphonuclear leukocytes, and macrophages. Duodenum and jejunum from five affected animals were examined histologically; all were normal. Ileum was examined histologically from ten; eight were normal. In the other two, villi were short, epithelial cells towards the tips of villi were cuboidal, had pyknotic nuclei, and appeared to be sloughing. Cecum and colon were examined from 12 affected rabbits. There were cecal lesions in all and colonic lesions in two. Cecal and colonic lesions were similar.
There was diffuse involvement of the cecum in some and multifocal involvement in others. There was usually submucosal edema with polymorphonuclear leukocytes scattered throughout the lamina propria and superficial submucosa. Surface epithelium was shaggy and cuboidal with numerous cells free in the lumen or just in the process of being shed. In some rabbits there were microscopic ulcers. Crypts appeared hyperplastic because of numerous mitotic figures and tall columnar epithelial cells with basophilic cytoplasm (fig. 1 ). The lumina of some crypts were dilated and appeared empty, whereas others were distended with bacteria and debris.
Numerous bacteria of several morphologic types were in the central lumen and in some crypt lumina in Levaditi-stained sections of ceca from both affected and healthy rabbits ; however, bacteria resembling B. pilijiormis were not observed in any section. Curved and spiral rods resembling vibrio (and which will be referred to as vibrio in this report) were prominent in Levaditistained sections from 10 of the 12 ceca from affected rabbits. These bacteria were adjacent to and within attached, sloughed, and sloughing surface epithelial cells and epithelial cells near the crypt mouth. The lumina of some crypts were distended and appeared to contain a pure growth of vibrio ( fig. 2) . There were scattered foci where the epithelium was extensively damaged and vibrio had invaded diffusely throughout the mucosa ( fig. 3 ).
Healthy Rabbits
Light-and electron-microscopic examination of cecal sections showed vibrio in one of six healthy rabbits. Vibrio were not associated with lesions and had not invaded the mucosa, but were confined to crypt and central lumina. The healthy rabbit in which vibrio were seen was submitted as a penmate control along with a typically affected rabbit with typhlitis and in which numerous vibrio had invaded the cecal mucosa. 
Electron Microscopy
Affected Rabbits Cecal mucosa from six affected rabbits was examined by electron microscopy. Mucosal invasion by vibrio was demonstrated with the Levaditi method in all six ; however, vibrio were demonstrated electron microscopically in only four. The ultrastructural lesions in all six affected rabbits were similar.
Epithelium in most crypts was normal. Epithelial cells in some dilated crypts were cuboidal and had abbreviated cytoplasm and short, sparse microvilli. Attachments at apical junctions and basement membranes were intact. Some such dilated crypt lumina contained vibrio. Some crypt lumina were engorged with vibrio but were not dilated, and the lining epithelium appeared normal ( fig. 4) .
Surface epithelial cells in many areas were cuboidal to columnar, frequently separated at their apical junctions, and many were partially detached from the epithelium or recently sloughed ( fig. 5 ). Microvilli on affected surface cells were short, sparse, or completely effaced, resulting in loss of cell polarity. The cytoplasm of some such cells had increased electron density because of numerous ribosomes characteristic of immature epithelial cells ( fig. 6) . Many contained numerous lysosomes and vacuoles and had dilated endoplasmic reticulum. Many (but not all) degenerating and sloughed sur- face epithelial cells contained intracytoplasmic vibrios ( fig. 5,6 ). Some vibrios were free in the cytoplasm; however, most occurred in clusters within membrane-bound or partially membrane-bound vacuoles ( fig. 5-9 ). Vibrio in various stages of degeneration could also be recognized in epithelial structures interpreted to be phagolysosomes ( fig. 6, 9 ). The vibrio had morphologic features similar to V. ,fetus [8] . Those features used in identifying the agents seen here in sections as vibrio were (1) comma-shaped to undulating body form; (2) irregular multilaminated, loosely applied cell wall ( fig. 7, 8, 10) ; and (3) characteristic blunt end with polar membrane, single flagellum and prominent spherical bodies ( fig. 7, 8) .
Epithelial cell changes were accompanied by those of acute inflammation. Vascular endothelial cells were swollen, there was edema of the walls of arterioles and venules as well as congestion, edema and occasionally hemorrhage in the lamina propria. Epithelium and lamina propria were diffusely infiltrated with polymorphonuclear leukocytes in various stages of degranulation ( fig. 6) . Only occasional polymorphonuclear leukocytes and macrophages contained intracytoplasmic vibrio.
Healthy Rabbits
The only ultrastructural abnormality seen in ceca from the six healthy rabbits was a single focus in the rabbit in which vibrio were seen by light microscopy. Microvilli on surface absorptive cells adjacent to intraluminal vibrio in this focus were partially effaced. The apical membrane of one such cell was displaced towards the nucleus and formed a concavity containing a vibrio. The vibrio was in contact with and appeared to be invading the epithelial cell ( fig. 10 ).
Discussion
We were unable to establish a definitive cause for the disease or diseases. Tyzzer's disease occurred in the colony both prior and subsequent to the diarrheal disease; however, the consistent absence of hepatic and cardiac necrosis and our failure to demonstrate B. piliformis do not support our hypothesis that the problem here was also Tyzzer's disease. Furthermore, the histologic character of the cecal lesions was different from that of Tyzzer's disease. Tyzzer's disease may start with destruction of surface epithelium; however, it progresses rapidly and nonselectively from that point. The result is necrosis of all elements of epithelium and lamina propria with frequent extension of this necrotizing process to vascular, fibrous and muscular elements of submucosa and tunica muscularis [4] . In contrast, the necrotizing process in the rabbits reported here was restricted to surface epithelium and resulted in diffuse hyperplasia of crypt epithelium and acute inflammation of the lamina propria and submucosa.
The gross and histologic lesions of this disease differ markedly from those of the noninflammatory diarrheal disease of young rabbits designated as mucoid enteritis [13] . It also differs bacteriologically from outbreaks of diarrheal disease that have been designated as E. coli infection or coloform enteritis, on the basis of markedly elevated numbers of E. coli in the intestine of affected rabbits [6, 11, 141. The signs and lesions in these rabbits may have been caused by vibrio. Their number, intracellular location, and frequent association with cecal lesions, accompanied by our failure to identify any other cause, are all consistent with some pathogenetic role by the vibrio. This role could be as a primary invasive enteric pathogen leading to epithelial cell destruction and inflammation in the lower intestinal tract, such as occurs in shigellosis. Alternatively, vibrio could have complicated the disease by invading epithelial cells after there was primary damage associated with some other disease. In this regard, the close similarity of the cecal lesions reported here to those seen in enteritis of unknown cause in captive cottontails is remarkable [2, 71. It may be that the primary disease we encountered was this enteritis additionally complicated by epithelial invasion with vibrio. In addition to its association with vibrio, however, the disease reported here also differed from enteritis of captive cottontails in that it was characterized by lower morbidity and mortality, lack of association with recent capture and shipping, occurrence in domestic rabbits, and in most cases absence of gastric ulcers.
It is also possible that the vibrio observed were harmless saprophytes that invaded damaged epithelium but contributed nothing to the pathogenesis of the disease. Vibrio or vibrio-like organisms are part of the flora of the large bowel of normal mice and monkeys [lo, 121. V. fetus var. intestinalis can be established in the gallbladder and intestinal tract of several mammals, including rabbits, without causing diarrheal disease [3] . Dogs have also been recently recognized as subclinical carriers of noncholera vibrio [9] .
Human cholera is an enteric disease caused by V. cholerae. In contrast to the vibrio observed in this study, V. cholerae does not invade epithelial cells nor is it associated with enteritis; rather, it remains in the lumen of the small intestine and produces a toxin that causes local hypersecretion but little or no structural alteration of affected mucosa. Thus, if the vibrio observed in this study did cause the disease, its pathogenesis (involving localization in the large intestine with epithelial cell invasion and necrosis leading to acute enteritis) is more comparable to shigellosis than to cholera. How-ever, there is some precedent for vibrio causing invasive, inflammatory, large intestinal disease reported in a case of acute ceco-colitis, dysentery, and bacteremia in a baboon [l] . In this case, the signs and lesions were thought to be caused by V.fetus. Investigators in a different laboratory found vibrio or vibrio-like organisms associated with epithelium in the large intestine of normal monkeys [ 121. These organisms partially invaded surface absorptive cells to the level of the terminal web; however, in this location they did not cause cytodegeneration, inflammation, or diarrhea. V. coli was once thought to cause swine dysentery; however, recent evidence indicates this disease is caused by a spirochete that invades epithelium in the large intestine and that V. coli is a component of normal flora that multiplies saprophytically in affected pigs without contributing to the development of the swine dysentery [ 5 ] .
Unfortunately, this was a retrospective study and we were not aware of the association of vibrio with the cecal lesions in affected rabbits when the cases were submitted. Thus, we did not try to isolate vibrio for reproduction trials. Our morphologic evidence is consistent, however, with the hypothesis that some vibrio can invade cecal epithelium and cause or contribute to diarrheal disease in young rabbits.
